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Research plans 1977-78,
A, Microbiologica)l and genmetic studies

For several years, the main focus of microbfologica)
research in this laboratory has been om the construct!on of
simple mode! systems for the genetic divers{fication of
simple genetic codes, This work entailed the use of
'recomb{mant DNA' techmology to construct bacteria that had
simple momotonous syntheti{c seauences, whose further
evolution could then be studied (n detail, The technical
task has proven to be far more difficult than was
originally envisaged) but on the way we have made a mumber
of important advances in a) methods of DNA segmentation and
1mpllntntien. b) understanding of the conditions for
expression of gemes exchanged among widely diverse
bacterial! species, and c¢) the prevalence of mechanisms for
prgmiseueus mixing of gemes among bacteria believed to be
auite separate in an evoelutionary sense == e,0, Bacillus
and Staphyloccus, In a sense this Yast finding may
Unexpectedly prove to be the most important of our
:7gtributiens to the theme of the origin anmd evolytion of

fo,

L4

In the 1ight of the umexpected ferocity and

hostiliey of contention aboyt the public health hazards

of work with recombimant DNA,
we although we have endeavored to stay as far as possible
from situations with credible pathogenic potential == we
have decided to phase out our work under NASA support that
directly involves recombimant DNA; amd this will mo longer
be part of our cont{nuation proposal, However, we will
comtinue efforts along the lines o! ¢) above, nmamely to
seek sti)] broader understanding of the extent to which
gemetic information 13 shared with a common gene pool! among
microbes, Juli{an Davies, for example, has long speculated
that antib!otic-producing streptomycetes are the primary
reservoir of plasmids that recur in a wide range of
pathogenie bacteria, and by conferring resistance to the
sntibietics result {m serious climical problems, However,
direct support for thi{s degree of pammixis has yet to be
achieved experimentally, 1Im the course of our observations
of the Staphyiococcus x Baci{llus excharnges mentioned above,
we believe we may have some hints how to overcome these
experimenta) barriers, and wil! apply these {deas to
building gemeral "plasmidetraps” te cepture the movement of
plasmids among a variety of species in their matural soil
hebjtats, The insight sought here would of course be of the
grestest importance for a) the theory of evolution of
microbes ({f mot eukaryotes as well)y b) practical problenms
of the sources of antibjotiecmwres{stance) and c)



commonesense tempering of regulatory controls that have
become a serious hindrance to research in this field,

This shift of emphasis to natural habitats {s coupled
with am effort to get a better Understanding ot the role of
so0li{d surfaces {n microb1a1 physiology, ecology and
genetics, Some years agos, In connection with studies that
helped to prove that peniciliin acted as an inhibitor of
celi=wal) synthesis, ! was impressed by the role that
sol{dwggar had {n controlling the morphogenesis of
spheroplasts or Leforme {n E, coli, Knmnowing that many,
Perhars most, of the mierobes resident im soils have never
been fsolated {n pure culture, I wondered whether mych of
Yaboratory microbiology == using homogeneous 11quid media
we {8 MmOt an artefact, far raemoved from comditions of the
mature) habitat, In the {nterval, many sof) microbiologists
have made similar observations (summarized in Marshallls
book)s at least of the {nfluence of interfaces on the
growth and pPhysiology of particular species, The most
extreme speculatiom that I propose to investigate {s
whether there are not many species that have an absolute
reauirement for a solid substrate == fpom which {t would
follow that conventional methods have been actively
selecting against the recognition of an {mportant part of
our biosphere, Am even more interesting proponition is that
these organisms may also incliude representatives of the
simplest, most primitive ea!eaerle- that could give further
clues about the baffling missing 1inks {n the !Secalas
Naturae!, Some (feeble) support for such a speculation can
be 9athored from the fact that Mycoplasmas, which have the
smallest genome=sizes of any presently kmown freeliving
organrisms, lack a rigid cel] wall, Some of these have, to
be SUrer been euitivatad imn suspensiom, but often only with
ditficultys and analogous L=phases of larger bacteria
generally reauire am agar substrate, The {mplication {s
that a rigid wall, and the ability to proliferate readily
{n suspenmsion, are later evolved attributes of the
'typical! bacteris compared to more primitive forms, So
tar) the most primitive mycoplasmas sti{!! have the complete
repertoire of the genetic code, and therefore cam gi{ve us
1i¢tle {nsjght {nto its primary evelution (unless one takes
this as evidence of special creation or of panspermial),

We myst comcede that we have made li{ttle progress
simce Dparinm in br1dging the hiatus between the
chgmoaynthes(u of nucleotides and their assembly inmto
meaninmgful, autocatalytic sequences == in part for lack of
ebservable representativos of the {ntermediate stages,

While this would be the most rewarding outcome, one
does not have to stake ome's fafith in that speculation to
justity the researeh plam, The strategy will be to
construct media and devices that offer large syrface areas
to organisms {m soi) habitats, but whieh ecan be extracted
for closer Studywe e,5. glass fiimg either bare or with
var{ous mimeral coatings, These will be manipulated so as
to encourage crganisms that have a preference for sessile
growth om the surface, and then sampled further for
organisms that may have a mear= or totale dependence on
such surfaces, {One may not have to look fari witmess alga)
and cyamophytic fiims in aquarias but I do not knmow of



eritical comparisons of their groewth potentia) {m adherent
vs, suspended mode, It is known that the sheathed habit, associated with
attachment, of Sphaerotilus natans, is suppressed by high
rutrient concentrations == there may well be many organisms
that correspond to the attached phase of Sphaerotilus, being
unable to grow except as epibionts,)

~ The associations of blue=green algae with fissures and
voids in the {mmed{ate sub=surface of dry Antarctic soils
has been pointed outs by E.I, Friedmann, to refute the
asserted steril{ty of this terrestrial habitat, and to
point to some caveats iIn the design of 1{ferdetection
strategies for planetary exploration, Saprophytic bacteria
that would exploit the primary production of the algae
would be very difficult to ascertainm by conventional
methods i ¢ they were interface=dependent, This gap in our
appreciation of the sol! habitat is thus equally important
!or laying the groundwork for future planetary bielogical
science and engineering, Furthermore, there are many
anecdota) observations of the enhanced resistance to
therma! steri{jization of microbes in soi)! matrices) but the
phenomenon has not been systematically {nmvestigated with
Pegard to mechanism, Thus, our projected studies of
interface blology bear on problems of surviva! {n hostile
environments (terrestrial and extrawterrestrial) as wel) as
upenm practical Problems of disinfection, e,g, for planetary
Quarantine,

Ce)) cultyres of mammalian tissyes are of course well known
to be profoundly affected by thelr substrates, and by their
surfacerintersctions with one anotherj but much less has
been 8aid about such effects among microbes, not=
withstanding the obvious adaptations to surface habitats
seen, ¢.0,¢ among stalked bacteria and im processes !i{ke
denta)l decevl

Finally, few students of the origin of life have
FAILED to comment on the probable role of clay and other
heterogeneous surfaces for the local concentration of
chemosynthetie precursors of Yife, We thus note that, while
the centra! {deas of this research plan are widely
entertaineds they have only rarely been the subject of
concerted investigation; doubtless because of the
overwhelming convenience of working with transparent,
homagenous Medi{a.

Besides the miaerovs commonly associated with sol]),
we wil] also give particular attention to polymeric carbon
as an {nterphase == the prevalence, and adsorptive and
cetalytic properties of this material whieh Justify this
choice are elgborated in part B, of this proposal,
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t A persenal nete
I am obliged to record the acute domorn;izatﬁon =« that I know al) (;ufHO‘T

too well has been experienced by others too == when the funding for this
project was ﬁntorruptod for six months from fiscal difficultieos at the NIAID,
and before it was possible for it te be taken up by the NCI, havimg been
{mpeded by familiar bureacratic obstacles, 1 had to contemplate whether !
should abandon laboratory work in this field) er {§ mot how I would be able

to continye financial support for it, for which there are no realistic avenues
other than the current application, It (s quite possible to get grant/conmtract
funds for slternative Yines of work,with purported shorteterm goa'ls,

given but some times but my own highest priorities continye to be dedicated

to the field in which I have worked for the past 30 vears, albeft on a steady
state scale which is consistent with the time I must alse give to other
cayses, I shoyld note that the Viking mission wil] have beem consummated

auite soon, and that it {s unlikely there will be any other avenue for

pursuing the study of extrawterrestrial biolegy== which is to spesk to one
source of diatroetion. Hereinafter too 1 can detai] how {t has become pessible
to integrate my continued interests {m computersscience with the present
preject, And fimally, 1 have to report that while 1 continue to do some work

for W,H,0, and similar agencies, I no longer take the active (and time=consuyming
role {n representing the ideals of science to the public that I did S veaps

ago,
Jelol



